examined the potential of the fuzzy logic approach in estimation of daily pan evaporation. The discusser would like to present the following important points of view, which the authors and potential researchers may wish to consider.
(2002) used sunshine hours, relative humidity and wind speed data for the estimation of daily pan evaporation and obtained good evaporation estimates. A nonlinear method could be used instead of correlation analysis for the determination of the degrees of effectiveness between the daily pan evaporation and each meteorological parameter. Different input combinations could be tried using fuzzy models in order to choose the best one, in a nonlinear manner. This trial-and-error method is widely reported in the literature (e.g. Sudheer et al., 2002; Deka & Chandramouli, 2003; Kişi, 2004b) .
As described in the Application section , the air pressure was divided into four triangular subsets, while the other variables were divided into eight.
The discusser wonders what the rationale is behind the use of eight or four triangular membership functions for fuzzy modelling. What was the impact on the results of a smaller or larger number of membership functions? As mentioned in the section "Fuzzy-Logic Expert System" in , the model becomes exponentially more complex as the number of variables or membership functions increases. A modeller should avoid using a large number of membership functions or parameters to save time and calculation effort. Kisi (2004a) used different membership functions in his study and found that four was a sufficient number for suspended sediment estimation. The discusser thinks that the membership functions in fuzzy logic look like the hidden layer neurons in neural networks. Using an unnecessarily large number of membership functions or hidden layer neurons causes over-learning of the models and worsens the estimates in the testing period. Therefore, if a smaller number of membership functions were used, better evaporation estimates could probably have been obtained. The authors found that the questions raised by the discusser are of general type and they are not all related to the paper by Keskin et al. (2004) only. The following points can be made. Stochastic process references are abundant in the literature and the discusser should help himself from the open literature according to his research orientation, with his possible background about the stochastic processes. However, it is very obvious in the open hydrology literature that 245 daily data cannot be sufficient for the stochastic processes such as the evaporation which has periodicity component. The large number of data in this case should cover at least several years so that the periodicities can be identified stochastically and the proper stochastic model can be established. However, in fuzzy logic approaches such restrictions are not a problem in modelling, even with incomplete and vague data. However, for the information of the author concerning the topics in his discussion, some of the references are: Box & Jenkins (1970) and Şen (1974, 1979, 2004) .
REPLY to
Another point indicates that the discusser could not understand our paper properly. He suggests either the use of multiple regression or the artificial neural network (ANN) methodologies according to the references he gave. However, the authors avoided the use of such techniques on the grounds of a set of methodological assumptions as well as mechanical complications as occur in ANN. The discusser perhaps implies the use of regression methods because the correlation analysis by itself does not provide a methodology. The authors looked at the scatter diagram of the variables prior to attachment of any correlation coefficient, not for the purpose of the regression or any classical model use, but for the deduction of sound fuzzy-rule basis. The fuzzy methodology as applied in our paper ) is a piece-wise nonlinear approach which, rather than being a trial-and-error approach, covers all the possible nonlinearities in the domain of vagueness. Besides, the authors cannot agree with the discusser that trial-and-error is a method. It is applied in the case of ignorance about the phenomenon itself, without much expertise and information. However, the fuzzy approach as applied in our paper includes not only the measurements but also our expert view about the evaporation phenomenon, particularly in the region under study, where considerable expertise has been gathered.
The discusser refers to the artificial neural networks, which are not the content of our paper, and further limits his vision to his sediment transport study with four subjective membership functions, the validity of which cannot be generalized. The very definition of science needs objectivity rather than subjectivity, and the evaporation phenomenon is very different from the sedimentation process.
